Baclofen is a selective gamma-aminobutyric acid (GABA) type B agonist that may have important medicinal uses, such as in analgesics and drug addiction treatment. In addition, evidence is accumulating that suggests GABAergic-mediated neurotransmission is altered during aging. This study investigated whether baclofen administration (5 mg kg −1 ) induces differential effects on cortical electrical activity with age. Electroencephalograms (EEGs) were recorded from young (3-4 months) and aged (15-17 months) rats, and both the absolute and relative powers in five frequency bands (delta: 2-4 Hz; theta: 4-8 Hz; alpha: 8-12 Hz; beta: 12-20 Hz; gamma: 20-100 Hz) were analyzed. Before administration of baclofen, we found that the EEG relative power in the beta band was higher in the aged than that in the young rats. After administration of baclofen, there was a slower increase in the relative power in the delta band in the aged than that in the young rats. Moreover, there was no significant difference between the two age groups in absolute power in any frequency band. These findings indicate that baclofen treatment appears to differentially modify cortical EEG activity as a function of age. Our data further elucidate the relationship between GABA B receptor-mediated neurotransmission and aging.
In the central nervous system, gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter and acts mainly via GABA A and GABA B receptors. Evidence is accumulating that a number of GABAergic parameters undergo changes during aging. For example, GABA production may decrease in old monkeys [1] . Levels of glutamic acid decarboxylase, an enzyme needed to synthesize GABA, have also been observed to decrease with age [2] . Moreover, both GABA A and GABA B receptors exhibit some alterations in their subunits or at their binding sites during aging [2] [3] [4] [5] .
Pentobarbital is a positive allosteric modulator of the GABA A receptor that has more pronounced effects on cortical electrical activity in aged rats than those in young rats [6] .
In addition, muscimol is a GABA A agonist, and it greatly inhibits the spontaneous activity of medial vestibular nucleus neurons in aged rats [7] . However, few studies have examined the relationship between the GABA B receptor and age-related changes in brain activity. Nevertheless, GABA B receptors have been implicated in memory processes [8] , and GABA B receptor binding is altered in Alzheimer's disease [9, 10] . Therefore, in the present study, we determined whether aging has an effect on cortical electrical activity that is associated with the GABA B receptor.
Baclofen is a selective GABA B receptor agonist that can induce some important biological actions, such as antinociception, motor impairment, muscle relaxation and hypothermia. In addition, previous studies have suggested that baclofen reduces ethanol consumption in a dose-dependent manner [11] , and the systemic administration of this drug induces increases in food intake [12, 13] .
An electroencephalogram (EEG) is an amplification of electrical activity generated by neurons in the brain. Much evidence suggests that EEGs are a sensitive measure of age-related changes in brain activity following drug administration [14] [15] [16] . For example, almitrine injection induced an increase in EEG power in all frequency bands in young rats, but this increase was only observed in the low-frequency range in aged rats. Moreover, raubasine elicited a greater increase in EEG power in the 10-20 Hz frequency range in aged rats than in young rats [15] .
In the present study, EEGs were recorded from young and aged rats both before and after baclofen administration. Moreover, both the absolute and relative powers of the EEG frequency bands were calculated and compared between the two groups. This work further elucidates our understanding of GABA B receptor-mediated changes in brain activity during aging.
Materials and methods

Animals
Experiments were performed on 6 young and 6 aged male Sprague-Dawley rats (Animal House Centre, Kunming Medical College, Kunming, China). Young rats were 3-4 months of age with a mean weight of (345±8) g, and aged animals were 15-17 months of age with a mean weight of (538±30) g. Animals were housed in individual cages under conditions of a constant temperature of (23±1)°C, stable humidity, and a 12-h light/12-h dark cycle. They had free access to food and water. All experimental and animal care procedures were carried out in accordance with the guidelines for the National Care and Use of Animals and approved by the National Animal Research Authority.
Surgeries
All surgeries were performed after anesthetizing the subject with an intraperitoneal (i.p.) injection of pentobarbital (40 mg kg −1 dissolved in 0.9% sodium, 40 mg mL −1 ; Sigma, St. Louis, MO, USA). After a midline scalp incision, three burr holes were drilled in the skull. A stainless-steel watch screw was placed in contact with the dura through a hole in the skull over the left hemisphere: 3 mm posterior, 2.5 mm lateral to bregma [17] . Similarly, a screw in the skull over the left hemisphere served as the reference electrode: 4 mm anterior, 2 mm lateral to bregma. Another screw in the skull over the right hemisphere served as the ground electrode: 5 mm posterior, 2 mm lateral to bregma. Two or more additional support screws were positioned, and the entire ensemble was affixed to the skull with dental acrylic. All electrodes were attached to male pins that were secured in a rectangular 3×1 pin array and affixed with dental acrylic. A general penicillin antibiotic was administered by intramuscular (i.m.) injection (50000 units; Harbin Pharmaceutical Group, Harbin, China) immediately after the surgery. Subjects were allowed at least one week to recover after the surgery before EEG recordings were initiated.
EEG recordings
Using custom built equipment [6, 18, 19] , EEG recordings were collected in a sound-attenuating chamber (40 cm× 25 cm), which was illuminated by a 12 V bulb. All electrodes on the rat were connected by a cable to an amplifier and then to a computer. The cable was suspended to allow the rat to move freely. The EEG signals were amplified 25000 times and filtered (bandpass: 0.5-100 Hz; with no 50 Hz filtering). The amplified EEG signals were digitalized with an analog-to-digital board (biphase, 1000 Hz), displayed instantly, and saved to the computer. Every 20 min of recording was automatically saved and consisted of 100 segments of data. Each segment lasted 2 s and was collected every 10 s. After habituating the animals to the recording conditions, baseline recordings (40 min) were acquired. Subsequently, we injected baclofen (5 mg kg
HCl [20] , 5 mg mL −1 ; Ningbo Team Pharmaceutical Factory, Ningbo, China) and recorded EEG activity for 180 min.
Data analyses and statistics
As previously described [6] , EEG signals were examined by off-line analysis and spectral analysis was performed using MATLAB (Version 6.5; Math Works, Natick, MA, USA).
EEG data recorded over a 20-min period were separated into 100 segments, and each segment was composed of 2000 sample points, of which the first 1024 points were defined as an epoch. Each epoch without artifacts was filtered for the following EEG frequency bands: (1) delta 2-4 Hz; (2) theta 4-8 Hz; (3) alpha 8-12 Hz; (4) beta 12-20 Hz; and (5) gamma 20-100 Hz. For each frequency band, the absolute power of every epoch was calculated using the formula Σx 2 /1024, and the average power over 100 epochs served as the calculated power over the 20-min period. The relative power was calculated as the percentage of the absolute power of any frequency band relative to the total absolute power of all frequency bands. In addition, because of pronounced interindividual differences, the normalized power was adopted and calculated as (P 1 −P 0 )/P 0 ×100%, where P 0 denotes the power for baseline recordings and P 1 denotes the power for post-drug recordings. We have previously shown that normalized power is a reliable parameter, even when the baseline EEG is not stable [6, 18, 19] .
A one-sample Kolmogorov-Smirnov test was performed to determine whether the data were normally distributed, using SPSS (Version 10.0; SPSS, Chicago, IL, USA). Be-cause the data had a normal distribution (P>0.05), differences between groups were assessed using analysis of variance (ANOVA) with repeated measures or one-way ANOVA where appropriate. All results are expressed as mean±SE. A level of P<0.05 was considered as significant and P<0.01 as highly significant.
Results
Before the injection of baclofen, cortical EEG recordings were performed in young and aged rats (Figure 1 ). There was no significant difference in the absolute power in any frequency band between the two age groups (F (1, 11) = 0.039, 0.000, 0.027, 2.403 and 2.379; P=0.848, 0.984, 0.873, 0.152 and 0.154 for the delta, theta, alpha, beta and gamma bands, respectively) ( Figure 2A ). In contrast, the relative power in the beta band was significantly higher in the aged rats compared with the young rats (F (1, 11)=26.831, P< 0.001). There was no significant difference in the relative powers in the remaining frequency bands between the two groups (F (1, 11) = 0.172, 0.847, 0.040 and 0.895; P = 0.687, 0.379, 0.846 and 0.367 for the delta, theta, alpha and gamma bands, respectively) ( Figure 3A) .
Combined ANOVA showed that baclofen administration significantly increased the normalized absolute power in all frequency bands (F (9, 90)=11.167, 6.150, 5.767 and 5.994 for the delta, theta, alpha and beta bands, respectively; P< 0.001 for all bands) except the gamma band (F (9, 90) = 1.884, P=0.064) (Figure 2B-F) . For the normalized relative power, combined ANOVA showed an increase in the delta band (F (9, 90)=6.752, P<0.001), a decrease in theta and alpha bands (F (9, 90)=6.556 and 3.227; P<0.001 and 0.01 for the theta and alpha bands, respectively), an initial increase and then a decrease in the gamma band (F (9, 90)= 6.601, P<0.001), and no significant change in the beta band (F (9, 90)=0.973, P=0.468) (Figure 3B-F) .
On the other hand, combined ANOVA found no significant interaction between age and time in the normalized absolute power of any frequency band (F (9, 90)=1.214, 0.274, 0.976, 0.973 and 1.493; P=0.296, 0.980, 0.465, 0.468 and 0.163 for the delta, theta, alpha, beta and gamma bands, respectively). For normalized relative power, however, a significant interaction between age and time was observed in both the delta and theta bands (F (9, 90)=2.207 and 3.824; P<0.05 and 0.001 for the delta and theta bands, respectively). For the delta band, the two groups exhibited different powers at 20 min, with the aged rats showing a slower increase than the young rats (F (1, 11) =6.491, P< 0.05) ( Figure 3B ). For the theta band, the aged rats displayed a trend towards a slower decrease in its power at 20 min (F (1, 11) =3.769, P=0.081) and a faster decrease in its power at 60 min and 80 min (F (1, 11) =4.214 and 3.623; P= 0.067 and 0.086, for 60 min and 80 min, respectively) (Figure 3C ).
Discussion
In this study, we investigated cortical changes in EEG activity before and after injection of baclofen in young and aged rats. Before the injection, the EEG absolute power in five frequency bands was not significantly different between the two groups, but the relative power in the beta band was significantly higher in the aged rats. After the baclofen administration, the absolute power in all frequency bands except the gamma band increased in animals of both ages. The relative power in the theta and alpha bands decreased, and the relative power in the gamma band initially increased and then decreased in both groups. Moreover, the relative power in the delta band increased in the two groups, but more slowly in the aged rats. Our data indicate that baclofen administration induces differential changes in the cortical electrical activities of young and aged animals.
We observed differences in the EEG frequency bands in their relative powers but not in their absolute powers. The appropriateness of analyzing EEGs by absolute or relative power is still under debate. Some research groups have re- ported both absolute and relative power values in developmental studies [21, 22] . However, many studies suggest that the absolute power is not suitable for use in developmental studies because of changes in bone thickness, skull resistance and impedance with age [23] . In addition, John et al. [24] indicated that the relative power has better test-retest reliability than absolute power. Taken together, the present study supports the notion that, as concluded by Clarke et al. [21] , relative power is more sensitive than the absolute power to changes in the EEG frequency bands with age. However, because relative power is derived from the total absolute power, this issue requires further investigation.
In accord with previous results described in humans [25, 26] , the basal EEG relative power showed an obvious increase in the beta band in the aged rats. For example, Knott and Harr [26] observed a significant increase in the relative beta power with increasing age (from 18-39 to 64-81 years). Nevertheless, other data conflict with this age-related change in the EEG during the awake state. Braida and colleagues [14] reported an increase in the relative power in the delta band and a decrease in the alpha and beta bands in aged rats (27-30 months) compared with those young rats (4-6 months). These differences may depend on experimental variables, such as the age of the subjects.
Compared with its effects in young rats, baclofen administration induced a different change in cortical electrical activity in aged rats, reflected by a slower increase of EEG activity in the delta frequency band at 20 min after drug administration. The delta rhythm is associated with the broad functional process of cortical inhibition [27] . Typically, this slow wave band can be observed in the deepest stages of sleep and is strongly reduced in the waking state.
Recent studies, however, suggest a reconsideration of the functional roles of EEG frequency bands. For example, when the delta rhythm appears in wakefulness, it can be considered as a marker of brain damage or pathological conditions resulting from neurological damage or psychiatric disease [28] [29] [30] . Based on these data, we hypothesize that the age-related EEG changes in the delta band induced by baclofen may indicate that some pathological changes occurred during aging.
A previous study has indicated that slow oscillations (0.5-4.0 Hz) elicited from the cortex depend on synaptically induced hyperpolarization of thalamocortical cells [31] . Accordingly, Steriade et al. [32] proposed that the potential effects of the corticothalamic input on delta potentials results from the engagement of two GABAergic thalamic cell classes, namely reticular and local-circuit neurons. Thus, it is reasonable that baclofen, as a selective GABA B agonist, may induce different EEG activity in the delta band (2.0-4.0 Hz) of aged rats, which may be mediated by alterations in GABA B receptor-mediated neurotransmission with age.
There are only a few studies of age-related changes in brain activity that investigated the role of the GABA B receptor. Him et al. showed that baclofen tended to induce a greater inhibitory effect on spontaneous activity in medial vestibular nucleus slices from aged rats than those from young rats [7] . Billard et al. showed that the slower GABA B -mediated postsynaptic inhibition of CA1 pyramidal cells was decreased in some strains of aged rats [33] . Thus, baclofen may modify cortical electrical activity in an age dependent manner.
In addition, GABA B receptor binding in some primary regions of the inferior colliculus was significantly lower in 26-month-old rats than in 3-month-old rats [5] . Other investigations have been performed on age-related changes in the whole GABAergic system, such as the loss of GABA neurons [34] , decreased levels of the enzyme needed to synthesize GABA [2] , and some alterations in GABA A subunits and in the combination of the subunits [2, 4] . Therefore, the present data support the current hypothesis by suggesting a reduction in GABA-mediated inhibition in the senescent brain.
In summary, the present study shows that baclofen treatment may differentially modify cortical electrical activity as a function of age. These data further elucidate the changes in GABA B receptor-mediated neurotransmission during aging.
